Droughts are a major problem in Iraq especially in the Arid and Semi-Arid Lands where they are frequent and causes a great deal of suffering and loss. Drought monitoring and forecasting requires extensive climate and meteorological data which is usually largely missing in developing countries or not available in the required spatial and temporal resolutions. In this study, the drought categories were defined for the years 2000, 2005, 2010, 2015 and 2017 using the TRMM data to map the spatiotemporal meteorological drought, and the Standardized Precipitation Index (SPI) to analyze the meteorological drought at 11 stations located in Western Iraq. The SPI analyses were performed on 12-month datasets for five years. The results showed that the northeast region has the higher rainfall indices and the southwest region has the lowest rainfall. An analysis of the drought and rain conditions showed that the quantity of extreme drought events was higher than that expected in the study area, especially in the south and southwest areas. Therefore, an alternate classification is proposed to describe the drought, which spatially classifies the drought type as mild, moderate, severe and extreme. In conclusion, the integration between TRMM data SPI data proved to be an effective tool to map the spatial distribution and drought assessment in the study area.
Introduction
Drought is one of the natural environmental risks occurring due to prolonged water scarcity. This phenomenon could be resulted from low rate or uneven precipitation distribution, inadequacy of water quantity required or the combination of these causes. Along with the increase of world's population, climate change, forest destructions and desertification, the problem of drought was developed, and by the time, it has eventually reached to the proportions that pose a threat to the society, environment and countries. Nowadays, many places on Earth (especially Arid and Semi-Arid areas) face desertification risk due to severe drought. Droughts could be classified into three types, meteorological, hydrological and agricultural. When a meteorological drought occurs in an area, the agricultural and hydrological drought follows. When deficits in precipitation in an area occur with an actual rainfall less than 75% on the long-term climatological mean, the resulting drought is known as meteorological drought [1] .
Precipitation data is considered as an important element of many environmental and hydrological studies such as drought, climate change, desertification and other strategic studies. Mapping the spatiotemporal drought distribution is essential in various aspects as the drought is one of the recognized developmental significant hazards. Drought monitoring and forecasting require extensive climate and meteorological data, which is usually largely missing in developing countries or not available in the required spatial and temporal resolutions. Remote Sensing Data provides the opportunity to monitor the drought dynamics in a systematic manner. Satellite-based climate data considered as an option in supplementing ground-based meteorological observations data, with a good spatial and temporal cover [2] . Droughts have a direct negative economic effect on several regional sectors. Hence, it is important to adopt an approach that uses drought indices and rainfall data such as satellite-based rainfall from the Tropical Rainfall Measuring Mission (TRMM). Recently, TRMM data have improved in accuracy and start to provide an alternative data for water resources applications, essentially due to a well-distributed and continuous data [3] [4] [5] .
One of the potential meteorological drought indices is the Standardized Precipitation Index (SPI), which is easily calculable, needs modest data, independent of the magnitude of mean rainfall and could be comparable over a range of climatic zones. Since precipitation indicates significant variation in the area and time period, it is the main factor in the existence of water in most systems. For this reason, many drought indicators rare based on precipitation conditions [6] . The SPI method has been a common method in drought observation in recent years [7] . Since the only meteorological variable required in this method is precipitation, it is very easy to apply [8, 9] . Another important advantage is the flexibility when measuring the drought for different times. Moreover, SPI converts precipitation data to a numerical values and used to define the drought categories [10, 11] . SPI can be also applied for any location by using a transformation of precipitation from a skewed distribution to the normal distribution, which makes it a suitable indicator accepted around the world. SPI is probabilistic in nature which is an advantage that was discussed by Guttaman [7] with its usability in risk and decision analysis over other drought indices. The use of SPI is standardized to time scales i.e. 1, 2, 3, 6, 12 24, 26, 48 months. Wet conditions are stated as positive SPI values, while the negative values represent drought states. Various studies were utilizing SPI to monitor the meteorological drought in Iraq with good results [12] [13] [14] [15] .
Geographic information system (GIS) is the basic platform through which data can be easily stored, its packages of applications were used by specialists in various field especially in the environmental studies, which helps the decisionmaker to take the proper action in solving any problem encountered [16] [17] [18] . Remote sensing plays an important role in drought assessment as they provide up-to-date information on spatial and temporal scales. To assess drought conditions in an area, different drought indicator are used. Major drought indicators use parameters such as precipitation, vegetation cover, soil moisture, etc. [19] . The remote sensing community has defined drought specifically as "a period of abnormally dry weather, which affects the vegetation cover" [20] . The classical methods for monitoring of droughts using groundbased data are difficult, exhausting and time-consumptive [21] . Satellite measurements of the biosphere have gained their importance in various aspects of environmental monitoring including drought monitoring. For drought monitoring, assessment and prediction, remote sensing and GIS technologies are capable to cover the earth surface better than traditional techniques. Several new approaches have been invented to extract significant information from past and realtime remotely sensed data in drought studies.
This study aims to define the drought categories for the years 2000, 2005, 2010, 2015 and 2017 using the TRMM data to map the spatiotemporal meteorological drought and SPI to analyze the meteorological drought at 11 stations located in Western Iraq.
Material and Methods

Study Area
The study area located in Western Iraq between latitudes 31°-34° 30' N, and longitudes 38° 30'-44° 30' E, as shown in Figure 1 , with total area of about 104 000 square meters. It is considered as a large rocky desert plateau, got the term desert according to the absence of vegetation and lack of rainfall; in addition to its limited sedimentary cover. Numerous geological formations are apparent in the study area, whose ages range from Mesozoic rocks to the Quaternary deposits [22] . The topography of the region is characterized by a gradual increase in elevation to the west reach 987 m above sea level [23] . The variation in elevation is due to variability in the rocky nature of rocks, constructional structure and climate. 
TRMM Data
TRMM data is released in two datasets, 3B42 which is resulted by combining passive microwave data from several low orbit satellites with infrared (IR) data gathered by the international constellation of geosynchronous Earth orbit satellites (GEO-IR) and PR active microwave data, this data is available at 3-hour interval. Additionally, 3B43 which is produced by refining 3B42 using several algorithms and ground-based data. The Tropical Rainfall Measuring Mission (TRMM) dataset offers an alternative data source for many applications, essentially because of the well-distributed and continuous database [24] . The annual precipitation for the years 2000, 2005, 2010, 2015 and 2017 at a 0.25° × 0.25° spatial resolution, has been downloaded and processed to drive the maps. Annual values were obtained from the TRMM data, and the spatial distribution was estimated using the ordinary Kriging geostatistical interpolation technique. Figure  2 shows the TRMM grid and SPI stations.
SPI Data
The SPI-12 data was downloaded and compiled from European Drought Observatory (EDO) website for 11 ground station to determine years of drought versus non-drought conditions using the accumulated seasonal rainfall, while the SPI data of April was collected from the selected years. Figure 3 illustrates the main steps to analysis the drought in this study. 
Figure 2. TRMM grid and SPI stations
SPI
SPI is one the most commonly adopted drought indices across the world because it is easy to compute and use, suitable for drought comparison across different regions and time spans due to its standardization. Due to its probabilistic nature, SPI is adequate for carrying out drought risk analysis [24] . It was adopted by the World Meteorological Organization as the recommended index to be used all over the world for drought monitoring. This index is calculated by applying a probability distribution on aggregated monthly precipitation series e.g. k = 3, 6, 12, 24 months [25] . SPI is a method to assess the drought using the precipitation data. In this index, the negative values indicate drought, while the positive values refer to wet conditions. SPI is a probability index [26] where the difference of significant precipitation (Xi) from average precipitation (Xi mean) is calculated, then division of the difference by the standard deviation (σ) of the selected time is done [27] . The SPI grouping values are shown in Table 1 . The SPI formula is: SPI=(Xi-Xi mean)/σ (1) Table 2 shows the SPI data for eleven meteorological observation stations in Western Iraq, namely Ain Al Tamur, Al Fallujah, Al Misiab, Al Qa'im, Anah, Ar Ramadi, Ar Rutbah, Haditha, Hit, Karbala and Najaf. The SPI values in the study area ranged from -2.5 -0.5, accordingly, the area was classified into two categories; the fourth category (close to the natural) and the fifth (dry type) as shown in Figure 4 . Of the 55 SPI values, there were only eight readings within the positive values and 16 readings with values more than -1. The SPI data was analyzed to show the spatial pattern during these years ( Figure 5 ). The calculated SPI values have been interpolated using the Kriging method to identify the drought zone. 
Results and Discussion
SPI and Drought
Precipitation and Drought
The average annual precipitation rate in Iraq for 16 years of observation (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) ranged between 200-250 mm [29] . Accordingly, meteorological drought years have been identified in the study area. The meteorological drought years has been categorized depending on the annual precipitation if it is less than 75% of the average annual precipitation. All the years studied were classified as meteorological drought years (Fig. 6) . Accordingly, the North-Eastern part of the region showed lesser dryness during the studied years, due to its proximity to the sedimentary plain region, which has the Semi-Arid climate. The interpretations of the TRMM data revealed that the meteorological drought years were found to be frequently occurring in western Iraq. 
Conclusion
In this study, Tropical Rainfall Measuring Mission (TRMM) was used to monitor the meteorological drought in Western Iraq. Monthly TRMM data was downloaded with spatial resolution of 0.25°×0.25°. Using TRMM and SPI data, meteorological droughts were identified. ArcGIS coupled with SPI is an effective tool for monitoring drought, SPI index is an effective method that could be used to detect and map the drought, while ArcGIS enhance the results visualization that improves the decision-making process. The results showed that the North-Eastern region had the highest amount of precipitation while the South-Western region showed the lowest precipitation. Additionally, drought and precipitation analysis showed that the droughts were higher than expected in the study areas, mainly in the South and South-West regions. Therefore, an alternate classification is proposed for drought characterization, which classifies the drought type spatially (ultra-high, severe, mild and light). In conclusion, TRMM data could be used as an alternative to the meteorological stations data in local regional studies due to their accuracy, wide coverage and availability.
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